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(54) Level shifter 



(57) In a level shifter including a latch consisting of 
two p-channel transistors P1 and P2, when an input sig- 
nal at a terminal IN changes from H- into L-level, an n- 
channel transistor N2 turns ON, thereby dropping a po- 
tential level at a node W2. However, since a p-channel 
transistor P4 is OFF, no short-circuit current flows from 
a high voltage supply VDD3 into the ground by way of 
the transistors P2 and N2. On the other hand, since n- 



and p-channel transistors N1 and P3 are OFF, both ter- 
minals of a node W1 are electrically isolated. But the 
high voltage supply VDD3 pulls the node W1 up to a 
high voltage level by way of the p-channel transistors 
P4 and P1 and another p-channel transistor P5 as a re- 
sistor. Accordingly the capacitance to be driven by the 
n-channel transistors N1 and N2 can be reduced, thus 
shortening the delay 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention generally relates to a 
level shifter for translating logic levels, and more partic- 
ularly relates to a level shifter that can substantially elim- 
inate a short-circuit current, which usually flows when a 
signal changes its logic levels. 

[0002] A latch-type level shifter is one of known level 
shifters. FIG. 32 illustrates a specific configuration for a 
level shifter of this type. As shown in FIG. 32, the level 
shifter includes two n-channel transistors 51 and 52, two 
cross-coupled p-channel transistors 53 and 54 and first 
and second inverters 55 and 56. Each of the p-channel 
transistors 53 or 54 has its gate connected to the drain 
of the other p-channel transistor 54 or 53. The first in- 
verter 55 inverts the level of an input signal received at 
an input terminal IN and is powered by a voltage supply 
VDD supplying a relatively low voltage of 1 .5 V, for ex- 
ample. All the components of the level shifter but the 
first inverter 55 are powered by another voltage supply 
VDD3 supplying a relatively high voltage of 3.3 V, for 
example. The n-channel transistors 51 and 52 are both 
grounded and receive signals with mutually comple- 
mentary levels, i.e., the input signal at the input terminal 
IN and the output signal of the first inverter 55, i.e., the 
inverted version of the input signaL respectively. The p- 
channel transistors 53 and 54 have their sources con- 
nected to the high voltage supply VDD3 and their drains 
connected to the drains of the n-channel transistors 51 
and 52, respectively. The second inverter 56 is connect- 
ed to a second node W2 at which the n- and the p-chan- 
nel transistors 52 and 54 are connected together. And 
the output of the second inverter 56 is connected to an 
output terminal OUT. 

[0003] Hereinafter, it will be described how this level 
shifter operates. Suppose, in a static state, the input sig- 
nal is at logical 1 level (i.e., equivalent to the level of the 
supply voltage VDD) and the inverted version thereof is 
at logical 0 level (i.e., equivalent to the level of the 
ground potential VSS, or 0 V). In the following descrip- 
tion, the logical 1 and 0 levels will be called H- and L- 
levels, respectively. In such a state, the n- and p-channel 
transistors 51 and 54 are OH, while the n- and p-channel 
transistors 52 and 53 are OFF. Also, in this state, a first 
node W1, at which the n- and p-channel transistors 51 
and 53 are connected together, is at the L- (VSS) level. 
On the other hand, the second node W2, at which the 
n- and p-channel transistors 52 and 54 are connected 
together, is at the H- (VDD3) level. Each pair of transis- 
tors 51 and 53 or 52 and 54 meets a complementary 
relationship. Accordingly, no current flows in this static 
state. 

[0004] Thereafter, when the level shifter enters an op- 
erating state with the transition of the input signal to the 
L- (VSS) level, the n-channel transistors 51 and 52 turn 
OFF and ON, respectively, as shown in FIG. 33. As a 



result, a short-circuit current I flows from the high volt- 
age supply VDD3 through the p- and n-channel transis- 
tors 54 and 52 in the ON state, and the potential level 
at the second node W2 starts to fall from the H- (VDD3) 

5 level. And when the potential level at the second node 
W2 becomes lower than the threshold voltage Vtp of the 
p-channel transistor 53, the p-channel transistor 53 
turns ON. As a result, the potential level at the first node 
W1 rises, the drain current of the p-channel transistor 

10 54 decreases and the potential level at the second node 
W2 further falls. 

[0005] Finally, the potential levels at the first and sec- 
ond nodes W1 and W2 reach the H- and L-levels (i.e., 
VDD3 level and 0 V), respectively. Then, no short-circuit 

15 current flows anymore and the second inverter 56 in- 
verts the output logic level. As a result, the level shifter 
enters a standby state, or prepares for the next level 
transition of the input signal. In the foregoing example, 
the input signal changes from the H-into the L-level. 

20 However, a similar statement is applicable to the oppo- 
site situation, i.e., where the input signal changes from 
the L- into the H-level. 

[0006] In the known level shifter, however, the poten- 
tial level at the second node W2 is changed by allowing 
25 the short-circuit current to flow through the p- and n- 
channel transistors 54 and 52 during its operation. Thus, 
the level shifter dissipates a greater power disadvanta- 
geously. 

[0007] In view of this drawback, a level shifter for se- 

30 iectively interrupting the short-circuit current in accord- 
ance with the potential level transition at the output node 
W2 was proposed in Japanese Laid-Open Publication 
Nos. 1 0-1 90438 and 7-1 06946, for example. FIG. 34 il- 
lustrates a configuration for the level shifter of that type. 

35 As shown in FIG. 34, the level shifter includes not only 
all the components of the level shifter shown in FIG. 32 
but also p-channel transistors 57 and 58 as current in- 
terrupting transistors, which are disposed between the 
high voltage supply VDD3 and the p-channel transistors 

-*o 53 and 54, respectively. The level shifter further includes 
inverters 59, 60, 61 and 62 as delay devices and a latch 
63 of a small size. A potential at the first node W1 is 
applied to the gate of one current interrupting transistor 
57 by way of the inverters 59 and 60. A potential at the 

^5 second node W2 is applied to the gate of the other cur- 
rent interrupting transistor 58 by way of the inverters 61 
and 62. The latch 63 is connected between the first and 
second nodes W1 and W2 and includes two p-channel 
transistors 64 and 65. These transistors 64 and 65 have 

50 their sources connected to the high voltage supply and 
their drains connected to the first and second nodes W1 
and W2, respectively. Also, each of these transistors 64 
or 65 has its drain connected to the gate of the other 
transistor 65 or 64. 

55 [0008] In this level shifter with the capability of inter- 
rupting the short-circuit current, while the input signal is 
at the H-level, for example, the potential level at the sec- 
ond node W2 is also at the H- (VDD3) level. In such a 
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state, the current interrupting transistor 58 is OFF and 
the high voltage supply VDD3 is disconnected from the 
p-channel transistor 54. On the other hand, the potential 
level at the first node W1 is at the L-level (i.e., 0 V). In 
such a state, the p-channel transistor 53 and current in- 
terrupting transistor 57 are ON and the high voltage sup- 
ply VDD3 is connected to the p-channel transistor 53. 
[0009] When the input signal changes into the L-level, 
the level shifter enters an operating state. In that state, 
the n-channel transistor 51 turns OFF to disconnect the 
first node W1 from the ground. On the other hand, the 
n-channel transistor 52 turns ON to ground the second 
node W2. As a result, the potential level at the second 
node W2 falls. This potential drop is transmitted to the 
p-channel transistor 58 but its arrival is delayed for a 
predetermined amount of time by the two delay devices 
61 and 62. During this delay, the potential drop at the 
second node W2 turns the p-channel transistor 53 ON 
to connect the high voltage supply VDD3 to the first node 
W1 . As a result, the potential level at the first node W1 
rises and the p-channel transistor 54 turns OFF. There- 
after, the current interrupting transistor 58 turns ON. Ac- 
cordingly, even if the n-channel transistor 52 turns ON 
during this operation, no short-circuit current flows from 
the high voltage supply VDD3 through the p- and n- 
channel transistors 54 and 52. As a result, the power 
dissipation can be cut down. However, if the potential 
rise at the first node W1 turns the current interrupting 
transistor 57 OFF after the predetermined time delay, 
then the first node W1 might enter a high impedance 
state and the output might be indefinite. To avoid such 
an unwanted situation, the latch 63 turns its internal p- 
channel transistor 64 ON responsive to the potential 
drop at the second node W2. In this manner, the high 
voltage supply VDD3 is connected to the first node W1 , 
thereby pulling up the first node W1 . 
[0010] In the level shifter with the short-circuit current 
interrupting capability, each of the p-channel transistors 
64 and 65 in the latch 63 should have its gate length L 
and ON-state resistance both increased sufficiently so 
as to be operable even at a low voltage. However, the 
n-channel transistors 51 and 52 usually have a small 
operating current. Accordingly, the capacitance to be 
driven by these n-channel transistors 51 and 52 increas- 
es in that case. As a result, a long time delay is caused 
after the input signal has changed its logic level and be- 
fore the logic level at the output terminal OUT of the level 
shifter changes. 

[0011] Also, in the level shifter with the short-circuit 
current interrupting capability, the latch 63 is connected 
to the drains of the n-channel transistors 51 and 52. Ac- 
cordingly, to change the logic level at the output terminal 
OUT, the drain potentials of these n-channel transistors 
51 and 52 (i.e., the potentials at the nodes W1 andW2) 
should be changed all the way from the high supply volt- 
age VDD3 into the ground potential VSS or vice versa. 
And this is another factor increasing the delay. Never- 
theless, if the current-carrying capacity of the n-channel 



transistors 51 and 52 is increased to shorten the delay, 
then these n-channel transistors 51 and 52 should have 
their size increased. Particularly when the low supply 
voltage VDD is decreased, the current, flowing through 
5 these n-channel transistors 51 and 52, further decreas- 
es, and the size of these transistors 51 and 52 should 
be further increased. As a result, these transistors 51 
and 52 will occupy even larger areas on the chip. 

10 SUMMARY OF THE INVENTION 

[001 2] It is therefore an object of the present invention 
to provide a level shifter with the short-circuit current in- 
terrupting capability that can operate at high speeds : or 
15 at a minimum delay, without using the latch of a small 

size. 

[001 3] To achieve this object, a level shifter according 
to the present invention includes a resistor connected 
to respective nodes, at which current interrupting tran- 
20 sistors and cross-coupled transistors are connected to- 
gether, thereby pulling those nodes up to a high voltage 
using this resistor. 

[001 4] As an alternative means for accomplishing this 
object, another level shifter according to the present in- 

25 vention has no pair of cross-coupled transistors. 

[001 5] A level shifter according to the present inven- 
tion includes first and second n-channel transistors, first 
and second cross-coupled p-channel transistors, cur- 
rent interrupting section and at least one resistor. Each 

30 of the n- and p-channel transistors includes first, second 
and control terminals. The first and second n-channel 
transistors receive an input signal and its complemen- 
tary signal at their respective control terminals and are 
powered by a first voltage supply. The first terminals of 

35 the first and second n-channel transistors are grounded, 
while the second terminals thereof are connected to first 
and second nodes, respectively. The first terminals of 
the first and second p-channel transistors are connected 
to a second voltage supply, while the second terminals 

40 thereof are connected to the first and second nodes, re- 
spectively. The current interrupting section interrupts a 
short-circuit current by disconnecting the first or second 
p-channel transistor from the second voltage supply 
when the input signal changes its level. And the resistor 

45 connects the second voltage supply to the first or sec- 
ond node while the input signal is in a steady state. 
[0016] In one embodiment of the present invention, 
the resistor preferably has a high resistance value so 
that a current, flowing from the second voltage supply 

50 through the resistor itself, has a value almost equal to 
zero. 

[0017] In another embodiment of the present inven- 
tion, the level shifter preferably further includes a next- 
stage inverter connected to the second node. And gate 
55 capacitances of the next-stage inverter and the first p- 
channel transistor are preferably set so small as to allow 
the potential level at the second node to fall quickly. 
[0018] In still another embodiment, the second and 
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fourth p-channel transistors preferably have such a size 
as allowing the potential level at the second node to rise 
quickly. 

[0019] In the inventive level shifter, even if both termi- 
nals of the first or second node are disconnected in a 
steady slate in which the input signal has a constant lev- 
el, the first or second node is connected to the second 
voltage supply via the resistor and pulled up. Thus, the 
level shifter of the present invention needs no small- 
sized latch for the pull-up purposes. That is to say, the 
capacitance to be driven by the first and second n-chan- 
nel transistors, which should change the logic levels of 
the pair of cross-coupled p-channel transistors (i.e., a 
latch), can be reduced. Accordingly, when the input sig- 
nal changes its level, the potential level at the first or 
second node falls more quickly, or the delay shortens. 
As a result, the level shifter can operate at higher 
speeds. In addition, although the level shifter of the 
present invention needs the resistor for pull-up purpos- 
es, the resistor is much smaller in size than the latch of 
the small size. Thus, the area occupied by the resistor 
on the chip is much smaller than that occupied by the 
small-sized latch. 

[0020] Particularly, the potential level can fall even 
more quickly at the second node. Accordingly, the delay 
can be further shortened and the level shifter can oper- 
ate at even higher speeds. 

[0021] Another level shifter according to the present 
invention includes first and second transistors, pre- 
charge circuit, level detector and pre-charge controller. 
Each of the first and second transistors includes first, 
second and control terminals. The first and second tran- 
sistors receive an input signal and its complementary 
signal at their respective control terminals and are pow- 
ered by a first voltage supply. The first terminals of the 
first and second transistors are grounded, while the sec- 
ond terminals thereof are connected to first and second 
nodes, respectively. The pre-charge circuit pre-charges 
the first and second nodes to a voltage level of a second 
voltage supply. The level detector detects a potential 
drop at the first and second nodes. And the pre-charge 
controller controls the pre-charge circuit. 
[0022] In one embodiment of the present invention, 
capacitances of gates connected to the first and second 
nodes are set so small in the level detector as to allow 
the potential level at the first and second nodes to fall 
quickly. 

[0023] The inventive level shifter includes a level de- 
tector with a high switching level for detecting a potential 
drop at the first or second node. Accordingly, when the 
potential level at the first or second node decreases to 
less than the switching level of the level detector, the 
detector detects the potential level to change the output 
logic levels. Thus, compared to the known level shifter 
in which the output logic level does not change until the 
potential level at the first or second node is pulled all the 
way up to a high voltage, the inventive level shifter can 
operate much faster with its power dissipation reduced 



10 



considerably. 

[0024] In addition, according to the present invention, 
the potential level can fall at the first or second node 
quickly enough because a smaller current flows from its 
associated gate Into the first or second node. Thus, the 
delay can be shortened and the level shifter can operate 
much faster. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0025] FIG. 1 is a circuit diagram illustrating a config- 
uration for a level shifter according to a first embodiment 
of the present invention. 

[0026] FIG. 2 illustrates currents flowing through the 
*5 level shifter of the first embodiment just after an input 
signal has changed its level from H into L. 
[0027] FIG. 3 illustrates currents flowing through the 
level shifter of the first embodiment just after the input 
signal has changed its level from L into H. 
20 [0028] FIG. 4 is a circuit diagram illustrating a modi- 
fied example with resistors at different positions for the 
level shifter of the first embodiment. 
[0029] FIG. 5 is a circuit diagram illustrating another 
modified example for the level shifter of the first embod- 
25 jment. 

[0030] FIG. 6 is a circuit diagram illustrating a level 
shifter, which can fix the output logic level when an in- 
ternal low voltage supply is shut down, as still another 
modified example for the level shifter of the first embod- 
30 iment. 

[0031] FIG. 7 is a circuit diagram illustrating a sche- 
matic configuration for a level shifter according to a sec- 
ond embodiment of the present invention. 
[0032] FIG. 8 is a circuit diagram illustrating a specific 
35 configuration for the level shifter of the second embod- 
iment. 

[0033] FIG. 9 illustrates currents flowing through the 
level shifter of the second embodiment just after an input 
signal has changed its level from H into L. 

40 [0034] FIG. 10 is a circuit diagram illustrating a first 
modified example, including a modified pre-charge con- 
troller, for the level shifter of the second embodiment. 
[0035] FIG. 11 is a circuit diagram also illustrating the 
first modified example, including a modified flip-flop, for 

45 the level shifter of the second embodiment. 

[0036] FIG. 12 is a circuit diagram illustrating a level 
shifter, which can fix the logic levels when a low voltage 
supply is shut down, as a second modified example for 
the level shifter of the second embodiment. 

50 [0037] FIG. 13 is a circuit diagram illustrating an alter- 
native configuration for the level shifter of the second 
modified example. 

[0038] FIG. 14 is a circuit diagram illustrating another 
alternative configuration for the level shifter of the sec- 
55 ond modified example. 

[0039] FIG. 15 is a circuit diagram illustrating still an- 
other alternative configuration for the level shifter of the 
second modified example. 
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[0040] FIG. 16 is a circuit diagram illustrating yet an- 
other alternative configuration for the level shifter of the 
second modified example. 

[0041] FIG. 17 is a circuit diagram illustrating a level 
shifter, which can output a predetermined logic level 5 
preferentially when a low voltage supply is shut down, 
as a third modified example for the level shifter of the 
second embodiment. 

[0042] FIG. 1 8 is a circuit diagram illustrating an alter- 
native configuration for the level shifter of the third mod- 
ified example. 

[0043] FIG. 1 9 is a circuit diagram illustrating an edge- 
triggering level shifter as a fourth modified example for 
the level shifter of the second embodiment. 
[0044] FIG. 20 is a circuit diagram illustrating an alter- 
native configuration for the edge-triggering level shifter 
of the fourth modified example. 

[0045] FIG. 21 is a circuit diagram illustrating another 
alternative configuration for the edge-triggering level 
shifter of the fourth modified example. 
[0046] FIG. 22 is a circuit diagram illustrating an edge- 
triggering level shifter with a test mode function as a fifth 
modified example for the level shifter of the second em- 
bodiment. 

[0047] FIG. 23 is a circuit diagram illustrating an alter- 
native configuration for the edge-triggering level shifter 
with the test mode function of the fifth modified example. 
[0048] FIG. 24 is a circuit diagram illustrating an edge- 
triggering level shifter with a reset function as a sixth 
modified example for the level shifter of the second em- 
bodiment. 

[0049] FIG. 25 is a circuit diagram illustrating an edge- 
triggering level shifter, which has not only the reset func- 
tion but also a set function, according to the sixth mod- 
ified example. 

[0050] FIG. 26 is a circuit diagram illustrating a tristate 
level shifter as a seventh modified example for the level 
shifter of the second embodiment. 
[0051] FIG. 27 is a circuit diagram illustrating an 
eighth modified example for the level shifter of the sec- 
ond embodiment. 

[0052] FIG. 28 is a circuit diagram illustrating an alter- 
native configuration for the level shifter of the eighth 
modified example. 

[0053] FIG. 29 is a circuit diagram illustrating another 
alternative configuration for the level shifter of the eighth 
modified example. 

[0054] FIG. 30 is a timing diagram illustrating how the 
level shifter of the second embodiment operates. 
[0055]. FIG. 31 is a timing diagram illustrating input 
and output waveforms that the level shifter of the second 
embodiment may have. 

[0056] FIG. 32 is a circuit diagram illustrating a known 
level shifter. 

[0057] FIG. 33 is a circuit diagram illustrating a current 
flowing through the known level shifter during its oper- 
ation. 

[0058] FIG. 34 is a circuit diagram illustrating another 



known level shifter. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

EMBODIMENT 1 

[0059] Hereinafter, a level shifter according to a first 
embodiment of the present invention will be described 
with reference to the accompanying drawings. 
[0060] FIG. 1 illustrates a specific configuration for a 
level shifter according to the first embodiment. 
[0061] As shown in FIG. 1, the level shifter includes 
an inverter INVO for inverting the level of an input signal 
received at an input terminal IN. The inverter INVO is 
powered by a voltage supply VDD supplying a relatively 
low voltage of 1 .5 V, for example. The low voltage supply 
VDD is equivalent to the first voltage supply as defined 
in the claims. AM the components of the level shifter 
shown in FIG. 1 but the inverter INVO are powered by 
another voltage supply VDD3 supplying a relatively high 
voltage of 3.3 V, for example. The high voltage supply 
VDD3 is equivalent to the second voltage supply as de- 
fined in the claims. 

[0062] The level shifter further includes first and sec- 
ond n-channel transistors N1 and N2. The n-channel 
transistors N1 and N2 have their sources grounded. The 
input signal received at the input terminal IN is input to 
the gate of the first n-channel transistor N1 , while the 
output signal of the inverter INO, i.e., inverted version 
of the input signal, is input to the gate of the second n- 
channel transistor N2. The level shifter further includes 
first and second p-channel transistors P1 and P2. Each 
of these p-channel transistors P1 or P2 has its gate 
cross-coupled to the drain of the other p-channel tran- 
sistor P2 or P1 . The drains of these p-channel transis- 
tors P1 and P2 are connected to the drains of the first 
and second n-channel transistors N1 and N2, respec- 
tively. A node, at which the first p-channel transistor P1 
and first n-channel transistor N1 are connected togeth- 
er, will be herein called a "first node W1 n . A node, at 
which the second p-channel transistor P2 and second 
n-channel transistor N2 are connected together, will be 
herein called a "second node W2*. 
[0063] The level shifter further includes third and 
fourth p-channel transistors P3 and P4 as current inter- 
rupting transistors. The third and fourth p-channel tran- 
sistors P3 and P4 together constitutes the current inter- 
rupting section as defined in the claims. The third and 
fourth p-channel transistors P3 and P4 have their sourc- 
es connected to the high voltage supply VDD3 and their 
drains connected to the sources of the first and second 
p-channel transistors P1 and P2, respectively. A node, 
at which the first and third p-channel transistors P1 and 
P3 are connected together, will be herein called a "third 
node W3". A node, at which the second and fourth p- 
channel transistors P2 and P4 are connected together, 
will be herein called a "fourth node W4". The second 
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node W2 is connected not only to the gate of the third 
p-channel transistor P3 by way of an inverter INV1 , but 
also to the gate of the fourth p-channel transistor P4 by 
way of inverters INV1 and INV2. The output of the in- 
verter INV2 is connected to an output terminal OUT. 
[0064] The level shifter further includes a resistor, 
which is implemented as a p-channel transistor P5 with 
a grounded gate. And the other two terminals of the p- 
channel transistor P5 are connected to the third and 
fourth nodes W3 and W4, respectively. 
[0065] Hereinafter, it will be described how the level 
shifter with such a configuration operates. 
[0066] First, in a steady state in which the input signal 
at the input terminal IN is at the H- (VDD) level, the first 
n-channel transistor N1 and second p-channel transis- 
tor P2 are ON, while the second n-channel transistor N2 
and first p-channel transistor P1 are OFF. The potential 
levels at the first and second nodes W1 and W2 are 0 
V and the level of the high voltage supply VDD3 (i.e., 
3.3 V), respectively. These states are the same as the 
known latch-type level shifter. Also, since the potential 
at the second node W2 is high (i.e. ? 3.3 V), the third and 
fourth p-channel transistors P3 and P4 are in ON and 
OFF states, respectively. The third p-channel transistor 
P3 in ON state connects the high voltage supply VDD3 
to the fourth node W4 by way of the p-channel transistor 
P5, thereby pulling the fourth node W4 up to the level of 
the high voltage supply VDD3. As a result, the second 
node W2 is also pulled up to the level of the high voltage 
supply VDD3 by way of the second p-channel transistor 
P2 in ON state. Thus, even though the fourth p-channel 
transistor P4 and second n-channel transistor N2 are 
both OFF, the second and fourth nodes W2 and W4 will 
not enter the high-impedance state. Consequently, the 
logic level at the output terminal OUT is fixed at the H- 
(VDD3) level. 

[0067] The input signal will soon change its level from 
H- (VDD) level into L- (VSS) level, thereby turning the 
second n-channel transistor N2 ON. Even so, since the 
fourth p-channel transistor P4 is OFF, no short-circuit 
current flows from the high voltage supply VDD3 
through the second p-channel transistor P2 and second 
n-channel transistor N2. In this manner, the fourth p- 
channel transistor P4 functions as a current interrupting 
transistor. 

[0068] FIG. 2 illustrates currents flowing through the 
level shifter just after the input signal has changed its 
level from H into L. As described above, the second n- 
channel transistor N2 turns ON immediately after the in- 
put signal has changed from the H- into L-level. Accord- 
ingly, currents Igp1, Iginv and Idp flow into the second 
node W2. The current Igp1 discharges the gate capac- 
itance Cgp1 of the first p-channel transistor P1 . The cur- 
rent Iginv discharges the gate capacitance Cginv of the 
next-stage inverter INV1. And the short-circuit current 
Idp flows from the high voltage supply VOD3 into the 
second node W2 by way of the p-channel transistors P3, 
P5 and P2. On the other hand, a current Idn flows out 



of the second node W2 into the ground via the second 
n-channel transistor N2. Thus, the following relation- 
ship: 

5 

Iginv + Igp1 = Idn - Idp 

is met. In this case, the p-channel transistor P5 as the 
resistor should have a sufficiently high resistance to pre- 

10 vent the short-circuit current Idp from flowing. The re- 
sistance of the p-channel transistor P5 is adjusted along 
with those of the p-channel transistors P3 and P2 locat- 
ed on the path along which the short-circuit current 
flows. As can be seen from this equation, to make the 

15 short-circuit current Idp negligible and shorten the delay 
by allowing the potential level at the second node W2 to 
fall quickly enough, the current Idn should be increased 
and the currents Iginv and Igp1 should be decreased. 
That is to say, it is effective to reduce the gate capaci- 

20 tances Cgp1 and Cginv of the first p-channel transistor 
P1 and the next-stage inverter INV1 . 
[0069] Thereafter, when the first and second p-chan- 
nel transistors P1 and P2 turn ON and OFF, respectively, 
the logic level of the latch, consisting of these transistors 

25 pi and P2, is inverted. Then, the potential level at the 
output terminal OUT falls to the L-level (i.e., 0 V) after a 
predetermined time delay caused by the inverters INV1 
and IN V2. At the same time, the third and fourth p-chan- 
nel transistors P3 and P4 turn OFF and ON. respective- 

30 |y. As a result, the level shifter enters a standby state, 
or prepares for the next level transition of the input sig- 
nal. In this case, even though the fourth p-channel tran- 
sistor P4 turns ON, no short-circuit current flows from 
the high voltage supply VDD3 through the transistors 

35 P4 and P2 because the second p-channel transistor P2 
has already turned OFF. Furthermore, even though the 
third p-channel transistor P3 and first n-channel transis- 
tor N1 have both turned OFF, the fourth p-channel tran- 
sistor P4 is ON. Accordingly, the high voltage supply 

40 VDD3 is connected to the third node W3 by way of the 
p-channel transistor P5. As a result, the fourth node W4 
is pulled up to the level of the high voltage supply VDD3, 
so is the first node W1 through the first p-channel tran- 
sistor P1 in ON state. In this manner, the unwanted sit- 

45 uation where the first node W1 enters a high-impedance 
state is avoidable. 

[0070] Next, suppose the input signal has changed 
from the L-(VSS) level into the H- (VDD) level. Then, the 
first n-channel transistor N1 turns ON. Even so, since 

so the third p-channel transistor P3 is OFF, no short-circuit 
current flows from the high voltage supply VDD3 
through the first p-channel transistor P1 and first n- 
channel transistor N1. In this manner, the third p-chan- 
nel transistor P3 also functions as a current interrupting 

55 transistor. 

[0071] FIG. 3 illustrates currents flowing through the 
level shifter just after the input signal has changed its 
level from L into H. As described above, the second n- 
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channel transistor N2 turns OFF immediately after the 
input signal has changed its level this way. Accordingly, 
currents -Igp1 and -Iginv flow out of the second node 
W2 and the current !dp flows into the second node W2. 
The current -Igp1 charges the gate capacitance Cgp1 
of the first p-channel transistor P1. The current -Iginv 
charges the gale capacitance Cginv of the inverter 
INV1. And the current Idp flows from the high voltage 
supply VDD3 into the second node W2 by way of the p- 
channel transistors P4 and P2. Thus, the following rela- 
tionship: 

Iginv + Igp1 = idp 

is met. In this case, to shorten the delay, the current Idp 
should be increased and the currents Iginv and Igp1 
should be decreased. That is to say, it is effective to in- 
crease the size of the fourth and second p-channel tran- 
sistors P4 and P2 and reduce the gate capacitance 
Cginv of the next-stage inverter INV1. 
[0072] As can be seen, the first and second p-channel 
transistors P1 and P2 should be of an optimum size so 
that a potential rise time is equal to a potential drop time 
at the second node W2. Also, to further reduce the delay, 
the size of the third and fourth p-channel transistors P3 
and P4 should preferably be greater than that of the first 
and second p-channel transistors P1 and P2. 
[0073] According to the first embodiment, the p-chan- 
nel transistor P5 is connected as a resistor to the third 
and fourth nodes W3 and W4 to prevent the first and 
second nodes W1 and W2 from entering the high-im- 
pedance state. Thus, there is no need to connect the 
known small-sized latch to the first and second nodes 
W1 and W2. That is to say, the capacitance to be driven 
by the first and second n-channel transistors N1 and N2 
can be reduced. As a result, the potential level can rise 
or fall more quickly at the second node W2 and the delay 
can be shortened effectively. In addition, the n-channel 
transistors N1 and N2 can be of a reduced size and just 
the p-channel transistor P5 is needed instead of the 
known small-sized latch. Consequently, this level shifter 
occupies a much smaller area on the chip. 
[0074] Supposing the resistance of the p-channel 
transistor P5 is very high, the operating limit of the level 
shifter of the first embodiment is given by 

VDD a vtn 

where Vtn is the threshold voltage of the n-channel tran- 
sistors N1 and N2. Thus, it is possible to afford a suffi- 
cient margin for its design process. 

Modified examples 

[0075] FIGS. 4, 5 and 6 illustrate modified examples 
for the first embodiment. 



[0076] FIG. 4 illustrates a modified example including 
resistors (i.e., p-channel transistors) at different posi- 
tions. In the first embodiment, while one of the third and 
fourth p-channel transistors (e.g., P4) is OFF, the other 

s p-channel transistor (e.g., P3) is ON. By utilizing this lev- 
el relationship, the second and fourth nodes W2 and W4 
are pulled up to the level of the high voltage supply 
VDD3 by way of the p-chan nel transistor P3 in ON state. 
On the other hand, in this modified example, p-channel 

10 transistors P51 and P52 are provided as a resistor for 
pulling up the first and third nodes W1 and W3 and as 
a resistor for pulling up the second and fourth nodes W2 
and W4, respectively. These p-channel transistors P51 
and P52 (which are equivalent to the first and second 

15 resistors as defined in the claims) are both connected 
to the high voltage supply VDD3. And using a control 
signal, obtained by inverting the level of a control signal 
for the third and fourth p-channel transistors P3 and P4, 
these p-channel transistors P51 and P52 are controlled 

20 so as to turn ON while the p-channel transistors P3 and 
P4 are OFF. That is to say, the third and fourth p-channel 
transistors P3 and P4 are controlled using the inverted 
version of the potential level at the second node W2, 
while the p-channel transistors P51 and P52 are con- 

25 trolled using the potential level at the second node W2. 
These p-channel transistors P51 and P52 perform the 
same function as the p-channel transistor P5 of the first 
embodiment, and the description thereof will be omitted 
herein. 

30 [0077] FIG. 5 illustrates a further modification to the 
modified example shown in FIG. 4. Specifically, in the 
level shifter shown in FIG. 5, the p-channel transistors 
P51 and P52, i.e., resistors for pulling up the respective 
nodes, are connected to the high voltage supply VDD3 

35 via another p-channel transistor P60 as a resistor. The 
level shifter of this modified example performs the same 
function as the counterpart shown in FIG. 4. 
[0078] FIG. 6 illustrates a level shifter that can fix the 
output logic level when an internal low voltage supply is 

40 shut down. The level shifter shown in FIG. 6 includes 
not only all the components of the level shifter shown in 
FIG. 1 but also an input terminal SD, at which a shut- 
down instruction signal is received, and additional p- 
and n-channel transistors P65 and N66. The p-channel 

45 transistor P65 is connected to the high voltage supply 
VDD3 and second node W2 and receives an L-level 
shutdown instruction signal at its gate from the input ter- 
minal SD. The n-channel transistor N66 has its drain 
connected to the sources of the first and second n-chan- 

50 nel transistors N1 and N2, has its source grounded and 
receives the shutdown instruction signal at its gate from 
the input terminal SD. 

[0079] Thus, in this modified example, when the low 
voltage supply should be shut down , the n-channel tran- 
55 sistor N66 is turned OFF to disconnect the second node 
W2 from the ground, and the p-channel transistor P65 
is turned ON to connect the second node W2 to the high 
voltage supply VDD3. In this manner, the logic level at 
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the output terminal OUT can be fixed at the H- (VDD3) 
level. 

EMBODIMENT 2 

[0080] Hereinafter, a level shifter according to a sec- 
ond embodiment of the present invention will be de- 
scribed with reference to FIG. 7. 

[0081 ] FIG. 7 illustrates a schematic configuration for 
a level shifter according to the second embodiment. Un- 
like the level shifter of the first embodiment, the level 
shifter of the second embodiment does not use the latch, 
consisting of the two cross-coupled p-channel transis- 
tors, for the level translation purposes. 
[0082] As shown in FIG. 7, the level shifter includes 
an inverter INVO for inverting the level of an input signal 
received at an input terminal IN. The inverter INVO is 
powered by a voltage supply VDD supplying a relatively 
low voltage. The low voltage supply VDD is equivalent 
to the first voltage supply as defined in the claims. All 
the components of the level shifter shown in FIG. 7 but 
the inverter INVO are powered by another voltage supply 
VDD3 supplying a relatively high voltage. The high volt- 
age supply VDD3 is equivalent to the second voltage 
supply as defined in the claims. 

[0083] The level shifter further includes first and sec- 
ond n-channel transistors N1 and N2 receiving respec- 
tive signals with mutually complementary levels. That is 
to say, the signal received at the input terminal IN is input 
to the gate of the first n-channel transistor N1 , while the 
output signal of the inverter INO, i.e., inverted version 
of the input signal, is input to the gate of the second n- 
channel transistor N2. The n-channel transistors N1 and 
N2 have their sources grounded and their drains con- 
nected to first and second nodes W1 and W2. Accord- 
ingly, while one of these n-channel transistors N1 or N2 
is ON, the first or second node W1 or W2 is grounded 
so as to have the potential level at the node W1 or W2 
decreased to the L-level (i.e., 0 V). The first and second 
n-channel transistors N1 and N2 are exemplary first and 
second transistors as defined in the claims. It should be 
noted that although the first and second transistors are 
of n-channel type in this embodiment, a pair of p-chan- 
nel transistors may be used as the first and second tran- 
sistors. 

[0084] As shown in FIG. 7, the level shifter further in- 
cludes a pre-charge circuit B, which includes supply cir- 
cuit 40, interrupter 50 and p-channel transistor P5 as a 
resistor. The supply circuit 40 is made up of third and 
fourth p-channel transistors P3 and P4. And the inter- 
rupter 50 is made up of third and fourth n-channel tran- 
sistors N3 and N4. The third and fourth n-channel tran- 
sistors N3 and N4 are equivalent to the first and second 
n-channel transistors as defined in the claims. The third 
p-channel transistor P3 has its source connected to the 
high voltage supply VDD3 and its drain connected to the 
first node W1 . The third p-channel transistor P3 is equiv- 
alent to the first p-channel transistor of a level shifter 



14 

according to the second aspect of the present invention. 
The fourth p-channel transistor P4 also has its source 
connected to the high voltage supply VDD3 and its drain 
connected to the second node W2. The fourth p-channel 
5 transistor P4 is equivalent to the second p-channel tran- 
sistor of the level shifter according to the second aspect 
of the present invention. While the third or fourth p-chan- 
nel transistor P3 or P4 is ON, the high voltage supply 
VDD3 is connected to the first or second node W1 or 

10 W2, thereby pre-charging the node W1 or W2 to the lev- 
el of the high voltage supply VDD3. 
[0085] Also, in the pre-charging circuit B, the third n- 
channel transistor N3 is disposed between the first node 
W1 and first n-channel transistor N1 , while the fourth n- 

15 channel transistor N4 is disposed between the second 
node W2 and second n-channel transistor N2. While the 
third or fourth p-channel transistor P3 or P4 is pre-charg- 
ing its associated node W1 or W2, the third or fourth n- 
channel transistor N3 or N4 prevents its associated 

20 node W1 or W2 from being grounded by way of the first 
or second n-channel transistor N1 or N2. Furthermore, 
the p-channel transistor P5 is connected as a resistor to 
the drains of the third and fourth p-channel transistors 
P3 and P4 (and to the first and second nodes W1 and 

25 W2). As in the first embodiment, the p-channel transistor 
P5 connects the high voltage supply VDD3 to the first 
or second node W1 or W2 to prevent the first or second 
node W1 or W2 from entering the high-impedance state. 
[0086] As shown in FIG. 7, the level shifter further in- 

30 dudes a control circuit A. The control circuit A detects 
the drop of the potential level at the first or second node 
W1 or W2 to the L-level (i.e., 0 V) and then pre-charges 
the first or second node W1 or W2 to the H- (VDD3) lev- 
el. An exemplary internal configuration for the control 

35 circuit A is illustrated in FIG. 8. 

[0087] As shown in FIG. 8, the control circuit A in- 
cludes a flip-flop FF and a pre-charge controller 70 con- 
sisting of two inverters INV1 and INV2. The flip-flop FF 
is equivalent to the level detector as defined in the 

<to claims, and includes first and second two-input NAND 
gates Nandl and Nand2. The first NAND gate Nandl 
receives the potential at the first node W1 and the output 
signal of the second NAND gate Nand2. The second 
NAND gate Nand2 receives the potential at the second 

45 node W2 and the output signal of the first NAND gate 
Nandl. And the output signals of these NAND gates 
Nandl and Nand2 are outputs of the flip-flop FF. Ac- 
cordingly, if the potential level at the first node W1 is at 
the L-leve! (i.e. : 0 V), the output signals of the first and 

so second NAND gates Nandl and Nand2 are at the H- 
(VDD3) level and at the L-level (i.e., 0 V), respectively. 
On the other hand, if the potential level at the second 
node W2 is at the L-level (i.e., 0 V), the output signals 
of the first and second NAND gates Nandl and Nand2 

55 are at the L-level (i.e., 0 V) and at the H- (VDD3) level, 
respectively. 

[0088] The pre-charge controller 70 included in the 
control circuit A controls the pre-charge operation of the 
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pre-charge circuit B. On receiving the output of the first 
NAND gate NancM of the flip-flop FF, the inverter INV1 
inverts the signal received and outputs its inverted sig- 
nal to the gates of the p- and n-channel transistors P3 
and N3 of the pre-charge circuit B. On receiving the out- 
put of the second NAND gate Nand2 of the flip-flop FF, 
the inverter IN V2 inverts the signal received and outputs 
its inverted signal to the gates of the p- and n-channel 
transistors P4 and N4 of the pre-charge circuit B. 
[0089] Hereinafter, it will be described how the level 
shifter of the second embodiment operates. 
[0090] In a steady state, the potential levels at the first 
and second nodes W1 and W2 are both at the H- (VDD3) 
level. If the input signal is also at the H- (VDD3) level, 
the first and second n-channel transistors N1 and N2 
turn ON and OFF, respectively. The two outputs of the 
flip-flop FF (i.e., the outputs of the first and second 
NAND gates Nandl and Nand2) remain at the H- 
(VDD3) level and at the L-level (0 V), respectively. In 
such a state, the third n-channel transistor N3 and fourth 
p-channel transistor P4 are OFF, while the fourth n- 
channel transistor N4 and third p-channel transistor P3 
are ON. The first and third n-channel transistors N1 and 
N3 and the second and fourth n-channel transistors N2 
and N4 have mutually complementary logic levels. 
[0091 ] Suppose the input signal has changed its level 
from H (VDD3) into L (0 V) in such a state. Then, the 
second n-channel transistor N2 turns ON. At this time, 
in the pre-charge circuit B, the fourth n-channel transis- 
tor N4 is ON but the p-channel transistor P4 is OFF. 
Thus, no short-circuit current flows from the high voltage 
supply VDD3 into the ground by way of these three tran- 
sistors P4, N4 and N2. In that case, currents flow as 
shown in FIG. 9. Specifically, just after the input signal 
has changed its level, the n-channel transistor N2 turns 
ON. Accordingly, a current Idn flows out of the second 
node W2 into the ground by way of the n-channel tran- 
sistors N4 and N2. And currents Ignand2 and Idp flow 
into the second node W2. The current Ignand2 dis- 
charges the gate capacitance Cgnand2 of the second 
NAND gate Nand2 in the flip-flop FF. The current Idp 
flows through the p-channel transistors P3 and P5. Ac- 
cordingly, the following relationship 

Ignand2 = Idn - Idp 

is met. Supposing no short-circuit current Idp flows (i. 
e. , if the resistance of the p-channel transistor P5 is very 
high), the short-circuit current Idp is negligible. Accord- 
ingly, to shorten the delay by allowing the potential level 
at the second node W2 to drop quickly, the current Idn 
should be increased and the current Ignand2 should be 
decreased. Specifically, it is effective to reduce the gate 
capacitance Cgnand2 of the second NAND gate Nand2 
in the flip-flop FF. Also, the current Idp flows through the 
two transistors P3 and P5, and can be decreased easily. 
[0092] Thereafter, the potential level at the second 
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node W2 goes on dropping and the output logic levels 
of the flip-flop FF will soon be inverted. That is to say, 
the outputs of the first and second NAND gates Nandl 
and Nand2 will have the L-(0 V) level and H- (VDD3) 

5 level, respectively. Then, the n-channel transistor N4 
turns OFF and the p-channel transistor P4 turns ON. As 
a result, the second node W2 is pre-charged by the high 
voltage supply VDD3 to the H- (VDD3) level. This pre- 
charge operation is performed quickly enough by the p- 

10 channel transistor P4. On the other hand, the p-channel 
transistor P3 turns OFF to stop pre-charging the first 
node W1 to the level of the high voltage supply VDD3. 
But the n-channel transistor N3 turns ON to connect the 
first node W1 to the n-channel transistor N1 in OFF 

15 state. As a result, the level shifter enters a standby state 
to prepare for the next level transition of the input signal. 
In such a state, the high voltage is supplied from the 
high voltage supply VDD3 to the first node W1 by way 
of the p-channel transistor P4 in ON state and the p- 

20 channel transistor P5. Accordingly, the potential level at 
the first node W1 becomes the H- (VDD3) level. Conse- 
quently, even though the p- and n-channel transistors 
P3 and N1 are OFF, the first node W1 does not enter 
the high-impedance state. 

25 [0093] The level shifter operates in a similar manner 
after the input signal has changed from the L- (0 V) level 
into the H-(VDD3) level. Thus, the description thereof 
will be omitted herein. 

[0094] In this embodiment, the two NAND gates 
30 Nandl and Nand2 of the flip-flop FF should have a high 
switching level. Accordingly, when the n-channel tran- 
sistor N1 or N2 is ON, there is no need to drop the po- 
tential level at the associated first or second node W1 
or W2 all the way from the H-(VDD3) level down to the 
35 l- (0 V) level. Thus, compared to the known level shifter 
requiring a full swing like that, the level shifter of the sec- 
ond embodiment can operate at higher speeds with its 
power dissipation reduced. 

[0095] Also, each of the n-channel transistors N1 or 
4 o N2 has to drive just the gate capacitance of its associ- 
ated NAND gate Nandl or Nand2, and therefore can 
have its size reduced. As a result, these transistors N1 
and N2 occupy reduced areas on the chip. 
[0096] Supposing the resistance of the p-channel 
45 transistor PS as a resistor is very high, the operating limit 
of the level shifter of the second embodiment is given by 

VDD ^ Vtn 

so 

Thus, it is possible to afford a sufficient margin for its 
design process. 

Modified example 1 

55 

[0097] FIGS. 10 and 11 illustrate a first modified ex- 
ample for the level shifter of the second embodiment. In 
the level shifter shown in FIG. 10, the control circuit A 
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is made up of a smaller number of transistors compared 
to the counterpart shown in FIG. 8. Specifically, in the 
level shifter shown in FIG. 10, the two inverters INV1 
and INV2 are omitted from the control circuit A. Also, 
the p- and n-channel transistors P3 and N3 are control- 
led by the output of the second NAND gate Nand2 and 
the p- and n-channel transistors P4 and N4 are control- 
led by the output of the first NAND gate Nandl . Accord- 
ingly, using the smaller number of transistors, the level 
shifter shown in FIG. 10 can perform the same operation 
as the counterpart shown in FIG. 8. 
[0098] In the level shifter shown in FIG. 11, the flip- 
flop consists of two NOR gates Nor1 and Nor2, and in- 
verters INV1 0 and INV1 1 are disposed on the stage pre- 
ceding these NOR gates IMorl and Nor2. Like the level 
shifter shown in FIG. 10, the level shifter shown in FIG. 
11 does not include the two inverters INV1 and INV2 as 
the pre-charge controller 70, either. Accordingly, the lev- 
el shifter shown in FIG. 11 can perform the same oper- 
ation as the counterpart shown in FIG. 8. In addition, 
since the inverters INV10 and INV11 are provided, the 
capacitance to be driven by the NOR gates IMor1 and 
Nor2 can be reduced. As a result, the flip-flop can op- 
erate at higher speeds. 

Modified example 2 

[0099] FIGS. 1 2 through 16 illustrate a second modi- 
fied example for the second embodiment. The level 
shifter shown in FIG. 12 has the capability of fixing the 
output logic levels of the flip-flop when the low voltage 
supply VDD is shut down. In other words, the output log- 
ic levels of the flip-flop remain the same before and after 
the shutdown. Specifically, responsive to an H- (VDD3) 
level shutdown instruction signal received at a terminal 
SD, two NOR gates Nor3 and Nor4 get the pre-charge 
circuit B operated, thereby fixing the first and second 
nodes W1 and W2 at the H- (VDD3) level. In this man- 
ner, the output logic levels of the two NAND gates 
Nandl and Nand2 of the flip-flop are also fixed. 
[0100] The level shifter shown in FIG. 13 also has the 
capability of fixing the output logic levels of the flip-flop 
when the low voltage supply VDD is shut down. The lev- 
el shifter shown in FIG. 13 is different from the counter- 
part shown in FIG. 12 in that the flip-flop is made up of 
two NOR gates Nor1 and Nor2. Also, responsive to the 
H- (VDD3) level shutdown instruction signal at the ter- 
minal SD, NOR gates Nor5 and Nor6 fix the outputs of 
the NOR gates Nor1 and Nor2 at the logic levels before 
the low voltage supply is shut down, whether the first 
and second nodes W1 and W2 are high or low. Further- 
more, in the level shifter shown in FIG. 1 3, the p-channel 
transistor P5 is turned OFF responsive to the H- (VDD3) 
level shutdown instruction signal. This is to prevent the 
short-circuit current from flowing through the p- and n- 
channel transistors P3, P5, N4 and N2 in ON state. 
[0101] In the level shifter shown in FIG. 14, when the 
low voltage supply VDD is shut down, the output logic 



levels of the NAND gates Nandl and Nand2 of the flip- 
flop are compulsorily fixed at the L- (0 V) and H- (VDD3) 
levels : respectively. Specifically, the level shifter shown 
in FIG. 14 further includes another inverter INV12inad- 

s dition to all the components of the level shifter shown In 
FIG. 12. The H- (VDD3) level shutdown instruction sig- 
nal received at the terminal SD is inverted by the inverter 
INV12. And the inverted signal is input to the second 
NAND gate Nand2, thereby fixing the output of the 

10 NAND gate Nand2 at the H- (VDD3) level. The shut- 
down instruction signal is delivered through the NOR 
gate Nor3 to the p- and n-channel transistors P3 and 
N3 and through the NOR gate Nor4 to the p- and n- 
channel transistors P4 and N4, respectively. As a result, 

15 the potential levels at the first and second nodes W1 
and W2 are fixed at the H- (VDD3) level. 
[0102] The level shifter shown in FIG. 15 is a modifi- 
cation to the counterpart shown in FIG. 14. Specifically, 
the flip-flop of the level shifter shown in FIG. 1 5 is made 

20 up of two NOR gates Nor1 and Nor2 and two inverters 
INV10 and INV11. Also, the inverter INV12 is omitted 
from the level shifter shown in FIG. 15 so that the shut- 
down instruction signal is directly input to the NOR gate 
Nor2. The level shifter shown in FIG. 15 can perform 

25 the same function as. the counterpart shown in FIG. 14. 
[0103] The level shifter shown in FIG. 16 performs the 
same function as the level shifters shown in FIGS. 14 
and 15 using a different configuration. Specifically, in the 
level shifter shown in FIG. 16, an inverter INV12 and a 

30 NOR gate Nor5 are provided on the stage preceding the 
NAND gate Nandl and two more inverters INV13 and 
INV14 are provided on the stage preceding the NAND 
gate Nand2. And the shutdown instruction signal, re- 
ceived at the terminal SD ; is input to the NOR gate Nor5. 

35 

Modified example 3 

[0104] FIGS. 17 and 18 illustrate a third modified ex- 
ample for the second embodiment. This modified exam- 

40 pie has the capability of selecting arbitrary output logic 
levels for the level shifter when the low voltage supply 
VDD is shut down. The level shifter shown in FIG. 17 is 
based on the configuration shown in FIG. 16. Specifi- 
cally, in the level shifter shown in FIG. 17, the inverter 

45 INV14 of the level shifter shown in FIG. 16 is replaced 
with a NAND gate Nand3. Also, the level shifter shown 
in FIG. 17 further includes another NAND gate Nand4 
and another terminal PR for receiving a preference sig- 
nal. The NAND gate Nand4 is supplied with the H- 

50 (VDD3) level shutdown instruction signal and prefer- 
ence signal from the terminals SD and PR, respectively. 
And the output of the NAND gate Nand4 is input to the 
NAND gate Nand3. 

[0105] Accordingly, in the level shifter shown in FIG. 
55 17, the preference signal at the terminal PR has its level 
changed into the H- (VDD3) or L- (0 V) level responsive 
to the shutdown instruction signal, thereby changing the 
output of the NAND gate Nand3 into the H- or L-level. 
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As a result, the output logic level of the NAND gate 
Nand2 of the flip-flop can also be changed into the H- 
(VDD3) or L- (0 V) level. In the level shifter shown in 
FIG. 17, the output logic level of the other NAND gate 
Nandl of the flip-flop is always fixed at the H-(VDD3) 5 
level. 

[0106] The level shifter shown in FIG. 17 may be mod- 
ified into the level shifter shown in FIG. 18 so that the 
output logic level of the NAND gate Nandl of the flip- 
flop can also be changed into the H- (VDD3) or L- (0 V) 10 
level responsive to the preference signal. Specifically, 
the level shifter shown in FIG. 18 includes another in- 
verter INV15 and two NAND gates Nand5 and Nand6. 
The NAND gate Nand5 is supplied with the preference 
signal from the terminal PR by way of the inverter INV1 5 *5 
and with the H- (VDD3) level shutdown instruction signal 
from the terminal SD. The output of this NAND gate 
Nand5 is input to the other NAND gate Nand6. 
[01071 Accordingly, in the level shifter shown in FIG. 
18, the preference signal at the terminal PR has its level 20 
changed into the H- (VDD3) or L- (0 V) level, thereby 
changing the output logic levels of the NAND gates 
Nand5 and Nand6 into the H-or L-level. As a result, the 
output logic level of the NAND gate Nandl of the flip- 
flop can also be changed into the H-(VDD3) or L- (0 V) 25 
level. 

Modified example 4' 

[0108] FIGS.19through21 illustrate a fourth modified 30 
example for the second embodiment. This modified ex- 
ample relates to an edge-triggering level shifter. 
[0109] The level shiftershown in FIG. 19 includes first, 
second and third flip-flops FF1 , FF2 and FF3. The first 
flip-flop FF1 receives a clock signal CLK and a potential 35 
at the first node W1. The second flip-flop FF2 receives 
the clock signal CLK and a potential at the second node 
W2. And the third flip-flop FF3 receives the outputs of 
these flip-flops FF1 and FF2. 

[0110] In the level shiftershown in FIG. 19, while the *o 
clock signal CLK is at the L-level, the first and second 
flip-flops FF1 and FF2 are reset. The pre-charge circuit 
B pre-charges the first and second nodes W1 and W2 
to the level of the high voltage supply VDD3 using a 
NAND gate Nand7andan inverter INV1 5. The third flip- 45 
flop FF3 maintains the current level. When the clock sig- 
nal CLK changes into the H-level after that, the NAND 
gate Nand7 and inverter INV15turn the p-channel tran- 
sistors P3 and P4 OFF to stop the pre-charging. Also, 
the n-channel transistors N3 and N4 turn ON, thereby so 
dropping the potential level at the first or second node 
W1 or W2 to the L-(0 V) level in accordance with the 
level of the input signal at the terminal IN. And the L- 
level potential at the first or second node W1 or W2 is 
latched in the first or second flip-flop FF1 or FF2, and ss 
the logic levels of the other flip-flop FF3 are set. When 
this latching is over, the pre-charge circuit B pre-charges 
again the first and second nodes W1 and W2 to the level 



of the high voltage supply VDD3 using the NAND gate 
Nand7 and inverter INV15. 

[0111] The level shifter shown in FIG. 20 is a modifi- 
cation to the counterpart shown in FIG. 19. Specifically, 
in the level shiftershown in FIG. 20, the two n-channel 
transistors N3 and N4 of the level shifter shown in FIG. 
19 are connected in common to one n-channel transistor 
N5. 

[0112] The level shifter shown in FIG. 21 is a partial 
modification to the counterpart shown in FIG. 20. Spe- 
cifically, another pair of n-channel transistors N7 and N8 
are disposed between the first node W1 and n-channel 
transistor N3 and between the second node W2 and n- 
channel transistor N4, respectively, and are controlled 
responsive to the clock signal CLK. In this configuration , 
when the clock signal CLK rises to the H-level : these n- 
chahnel transistors N7 and N8turn ON, thereby chang- 
ing the logic level at the first or second node W1 or W2 
in accordance with the level of the input signal at the 
terminal IN. 

Modified example 5 

[0113] FIGS. 22 and 23 illustrate a fifth modified ex- 
ampleforthe second embodiment. This is a modification 
to the edge-triggering level shiftershown in FIG. 21 and 
additionally has a test mode function. 
[0114] When the level shiftershown in FIG. 22 should 
be tested, an L-level test mode signal is input to a ter- 
minal NT. In response, n-channel transistors N10 and 
N11 turn OFF and the n-channel transistors N1 and N2 
(operating responsive to a normal mode input signal at 
the terminal IN) are electrically isolated from the p-chan- 
nel transistors P3 and P4. The test mode signal is in- 
verted by an inverter INV1 6. In response to that inverted 
version of the test mode signal, n-channel transistors 
N12 and N1 3 for test mode turn ON. A test signal is also 
input to a terminal INT and then inverted by an inverter 
INV17. In response to the test signal and its inverted 
version, n-channel transistors N14 and N15 are con- 
nected to the p-channel transistors P3 and P4, respec- 
tively, by way of the n-channel transistors N12 and N13 
in ON state. In this manner, the logic levels at the first 
and second nodes W1 and W2 can be changed respon- 
sive to the test signal at the terminal INT in the test 
mode. 

[0115] The level shifter shown in FIG. 23 is a modifi- 
cation to the counterpart shown in FIG. 22. Specifically, 
the level shifter shown in FIG. 23 includes another n- 
channel transistor N1 6 for grounding the n-channel tran- 
sistors N14 and N15 fortest mode as well as the n-chan- 
nel transistor N5 for grounding the n-channel transistors 
N1 and N2 for normal mode. In response to the L-level 
test mode signal received at the terminal NT, the output 
levels of NAND and NOR gates Nand8 and Nor6 are 
controlled. In the normal mode, the ON/OFF states of 
the n-channel transistor N5 for normal mode are con- 
trolled in accordance with the output logic level of the 
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NAND gate Nand8 of the pre-charge controller 70. In 
the test mode on the other hand, the ON/OFF states of 
the n-channel transistor N1 6 for test mode are controlled 
in accordance with the output logic level of the NOR gate 
Nor6 of the pre-charge controller 70. 5 

Modified example 6 

[0116] FIGS. 24 and 25 illustrate a sixth modified ex- 
ample for the second embodiment 10 
[0117] The level shifter shown in FIG. 24 is a modifi- 
cation to the edge-triggering level shifter shown in FIG. 
20 and further has a reset function. 
[0118] Specifically, in the level shifter shown in FIG. 
24, a reset signal is input to a reset terminal R and then 15 
to the NOR gate Nor7 in the flip-flop FF3 by way of an 
inverter INV18, thereby fixing the output logic level of 
the NOR gate Nor7. The reset signal is also input to a 
NAND gate Nand9 so that the pre-charge circuit B can 
pre-charge the first and second nodes W1 and W2 to 20 
the level of the high voltage supply VDD3. 
[0119] The level shifter shown in FIG. 25 is a modifi- 
cation to the counterpart shown in FIG. 24 and further 
has a set function. Specifically, in the level shifter shown 
in FIG. 25, a set signal is input to a set terminal S and 25 
then to the NOR gate Nor8 in the flip-flop FF3 by way 
of an inverter INV1 9, thereby fixing the output logic level 
of the NOR gate Nor8. The set signal is also input to the 
NAND gate Nand9 so that the pre-charge circuit B can 
pre-charge the first and second nodes W1 and W2 to 30 
the level of the high voltage supply VDD3. 

Modified example 7 

[0120] FIG. 26 illustrates a seventh modified example 35 
for the second embodiment. This modified example re- 
lates to a tristate level shifter. 

[0121] In the level shifter shown in FIG. 26, the com- 
binations of output levels at output terminals OUT1 and 
OUT2 include not only (H, L) and (L, H) but also (H, H). 40 
Specifically, the level shifter further includes another n- 
channel transistor N17 for the pair of n-channel transis- 
tors N1 and N2, another p-channel transistor P6 for the 
pair of p-channel transistors P3 and P4 and another n- 
channel transistor N1 8 for the pair of n-channel transis- 45 
tors N3 and N4. Furthermore, another p-channel tran- 
sistor P7 is provided as a resistor in addition to the p- 
channel transistor P5. 

[0122] In a normal mode, an input signal at a terminal 
C is changed into the L- (0 V) level, thereby turning the 50 
n-channel transistor N18 OFF and keeping a node W3 
pre-charged. In this state, responsive to the input signal 
at the terminal IN and its inverted version, the n-channel 
transistors N1 and N2 are turned ON or OFF by way of 
NAND gates Nand10 and Nand11. And the control cir- 55 
cuit30 sets the logic levels at the output terminals OUT1 
and OUT2 to (H, L) or (L, H). On the other hand, when 
the logic levels at the output terminals OUT1 and OUT2 
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should be controlled to (H, H), the input signal at the 
terminal C is changed into the H- (VDD3) level. In this 
manner, the n-channel transistor N17 is turned ON and 
the potential level at the node W3 is dropped to the L- 
(0 V) level. And responsive to the potential drop at the 
node W3, the control circuit 30 sets the logic levels at 
the output terminals OUT1 and OUT2 to (H, H). In this 
modified example, a NAND gate Nand12 functions as 
the pre-charge controller 70 for controlling the pre- 
charge of the nodes W1 . W2 and W3. 

Modified example 8 

[0123] FIGS. 27 through 29 illustrate an eighth modi- 
fied example for the second embodiment. 
[0124] This example is a modification to the level shift- 
er shown in FIG. 8 and includes a different circuit section 
for generating complementary signals to be input to the 
n-channel transistors N1 and N2. In the level shifter 
shown in FIG. 8, the delay caused by the control circuit 
A might be shorter than the delay caused by the inverter 
INVO powered by the low voltage supply VDD. That is 
to say, a time it takes to set the flip-flop FF and to pre- 
charge the nodes W1 and W2 to the level of the high 
voltage supply VDD3 after the input signal changed its 
level might be shorter than the delay caused by the in- 
verter INVO. In that situation, the first and second nodes 
W1 and W2 to be pre-charged might be discharged er- 
roneously. That is to say, if the interval, in which the sig- 
nals input to the n-channel transistors N1 and N2 are 
both at the H-level, is long, then the delay caused by the 
control circuit A might be short as shown in FIG. 31. In 
that case, the first and second nodes W1 and W2 might 
be charged and discharged alternately. As a result, a 
pulsed waveform might be unintentionally output 
through the output terminal. This erroneous operation 
very likely occurs at the trailing edge of the input signal 
particularly if the input and output sections are made up 
of high-voltage transistors and low-voltage transistors, 
respectively, and if the delay caused by the high-voltage 
transistors is much longer than that caused by the low- 
voltage transistors. To avoid such an erroneous opera- 
tion, this modified example prevents the complementary 
signals for the n-channel transistors N1 and N2from be- 
ing asserted at a time. That is to say, it is not until one 
of those complementary signals has fallen to the L-level 
that the other signal is allowed to rise to the H-level. 
[0125] The level shifter shown in FIG. 27 includes an 
inverter INV27, a delay circuit consisting of two more 
inverters INV28 and INV29 and a NOR gate Nor27 in 
place of the inverter INVO shown in FIG. 8. The NOR 
gate Nor27 receives the output of the inverters INV27 
and INV29. Using these devices, the level shifter shown 
in FIG. 27 generates the complementary input signals. 
[0126] The level shifter shown in FIG. 28 generates 
the complementary input signals using two inverters 
INV30 and INV31 and a flip-flop FF4. 
[0127] The level shifter shown in FIG. 29 generates 
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the complementary input signals using two Schmitt cir- 
cuits SchA and SchB, inverter INV32 and flip-flop FF4. 
As shown in FIG. 30, the switching level of one Schmitt 
circuit SchA is set relatively low, while that of the other 
Schmitt circuit SchB is set relatively high. 
[0128] In the foregoing embodiments, the present in- 
vention has been described as being applied to a level 
shifter for translating a logic level corresponding to a low 
voltage into a logic level corresponding to a high voltage. 
However, the present invention is in no way limited to 
such a level shifter, but is naturally applicable to a level 
shifter for translating a logic level corresponding to a 
high voltage into a logic level corresponding to a low 
voltage. In that case, the first and second voltage sup- 
plies will be high and low voltage supplies, respectively. 

Claims 

1 . A level shifter comprising: 

first and second n-channel transistors, each in- 
cluding first, second and control terminals, the 
first and second n-channel transistors receiving 
an input signal and its complementary signal at 
their respective control terminals and being 
powered by a first voltage supply, the first ter- 
minals of the first and second n-channel tran- 
sistors being grounded, the second terminals 
of the first and second n-channel transistors be- 
ing connected to first and second nodes, re- 
spectively; 

first and second cross-coupled p-channel tran- 
sistors, each including first, second and control 
terminals, the first terminals of the first and sec- 
ond p-channel transistors being connected to a 
second voltage supply, the second terminals of 
the first and second p-channel transistors being 
connected to the first and second nodes, re- 
spectively; 

a current interrupting section for interrupting a 
short-circuit current by disconnecting the first 
or second p-channel transistor from the second 
voltage supply when the input signal changes 
its level; and 

at least one resistor for connecting the second 
voltage supply to the first or second node while 
the input signal is in a steady state. 

2. The shifter of Claim 1 , wherein the current interrupt- 
ing section comprises: 

a third p-channel transistor disposed between 
the second voltage supply and the first p-chan- 
nel transistor; and 

a fourth p-channel transistor disposed between 
the second voltage supply and the second p- 
channel transistor, and 
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wherein the resistor is a transistor connected 
to third and fourth nodes, the first and third p- 
channel transistors being connected together 
at the third node, the second and fourth p-chan- 
5 nel transistors being connected together at the 

fourth node. 

3. The shifter of Claim 2, wherein the resistor compris- 
es: 

10 

a first resistor disposed between the second 
voltage supply and the third node; and 
a second resistor disposed between the sec- 
ond voltage supply and the fourth node. 

15 

4. The shifter of Claim 3, wherein the first resistor is a 
p-channel transistor, which is controlled by a poten- 
tial level at the second node, and 

wherein the second resistor is a p-channel 
20 transistor, which is controlled by a potential level ob- 
tained by inverting the potential level at the second 
node. 

5. The shifter of Claim 1 , 2 or 3, wherein each said 
25 resistor has a high resistance value so that a cur- 
rent, flowing from the second voltage supply 
through the resistor itself, has a value almost equal 
to zero. 

30 6. The shifter of Claim 1 , further comprising a next- 
stage inverter connected to the second node, 

wherein gate capacitances of the next-stage 
inverter and the first p-channel transistor are set so 
small as to allow the potential level at the second 

35 node to fall quickly. 

7. The shifter of Claim 2, wherein the second and 
fourth p-channel transistors have such a size as al- 
lowing the potential level at the second node to rise 

40 quickly. 

8. The shifter of Claim 1 , which fixes the second node 
at a predetermined potential level when the first 
voltage supply is shut down. 

45 

9. A level shifter comprising: 

first and second transistors, each including 
first, second and control terminals, the first and 

50 second transistors receiving an input signal and 

its complementary signal at their respective 
control terminals and being powered by a first 
voltage supply, the first terminals of the first and 
second transistors being grounded, the second 

55 terminals of the first and second transistors be- 

ing connected to first and second nodes, re- 
spectively; 

a pre-charge circuit for pre-charging the first 
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and second nodes to a voltage level of a second 
voltage supply; 

a level detector for detecting a potential drop at 
the first and second nodes; and 
a pre-charge controller for controlling the pre- 
charge circuit. 

10. The shifter of Claim 9, wherein the level detector is 
a flip-flop connected to the first and second nodes. 

11. The shifter of Claim 9 or 10, wherein the level de- 
tector has so high a switching level as to detect the 
potential drop at the first and second nodes quickly. 

12. The shifter of Claim 9 or 10, wherein in the level 
detector, capacitances of gates connected to the 
first and second nodes are set so small as to allow 
the potential level at the first and second nodes to 
fall quickly. 

13. The shifter of Claim 9, wherein the pre-charge cir- 
cuit comprises: 

a supply circuit for connecting the second volt- 
age supply to the first and second nodes; and 
an interrupter for disconnecting or connecting 
the first and second nodes from/to the ground. 

14. The shifter of Claim 13, wherein the supply circuit 
comprises: 

a first p-channel transistor disposed between 
the second voltage supply and the first node; 
and 

a second p-channel transistor disposed be- 
tween the second voltage supply and the sec- 
ond node, and 

wherein the interrupter comprises: 

a first n-channel transistor disposed be- 
tween the first node and the ground; and 
a second n-channel transistor disposed 
between the second node and the ground. 

15. The shifter of Claim 9 or 13, wherein in a steady 
state in which the input signal has a constant level, 
the pre-charge controller instructs the pre-charge 
circuit i) to pre-charge the first or second node, 
which is connected to the first or second transistor 
that is in OFF state, to the voltage level of the sec- 
ond voltage supply and ii) to disconnect the second 
voltage supply from the node being pre-charged, 
and 

wherein in a level transition state in which the 
input signal changes its level, the instant the level 
detector detects the level, the pre-charge controller 
instructs the pre-charge circuit i) to disconnect the 
first or second node pre-charged from the ground, 
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ii) to connect the second voltage supply to the dis- 
connected node and iii) to pre-charge the node to 
the voltage level of the second voltage supply. 

s 16. The shifter of Claim 14, wherein in a steady state in 
which the input signal has a constant level, the pre- 
charge controller turns OFF the first or second p- 
channel transistor, which is associated with the first 
or second transistor that is in OFF state, and turns 

10 ON the first or second n-channel transistor, which 
is also associated with the first or second transistor 
in the OFF state, and 

wherein in a level transition state in which the 
input signal changes its level, the instant the level 

15 detector detects the level, the pre-charge controller 
turns the associated first or second p-channel tran- 
sistor ON and the associated first or second n-chan- 
nel transistor OFF. 

20 17. The shifter of Claim 9 or 10, further comprising a 
resistor for connecting the second voltage supply to 
the first or second node in a steady state in which 
the input signal has a constant level. 

25 18. The shifter of Claim 1 7, wherein the resistor has a 
high resistance value so that a current, flowing from 
the second voltage supply through the resistor it- 
self, has a value almost equal to zero. 

30 19. The shifter of Claim 9, wherein when the first volt- 
age supply is shutdown, the level detector fixes out- 
put logic levels responsive to a shutdown instruction 
signal. 

35 20. The shifter of Claim 1 9, wherein when the first volt- 
age supply is shut down, the level detector is able 
to arbitrarily select the output logic levels to be fixed 
responsive to a preference signal. 

^0 21. The shifter of Claim 9, wherein the level detector 
has an edge triggering function of detecting the po- 
tential drop at the first or second node when a clock 
signal changes its level. 

45 22. The shifter of Claim 9, wherein in a test mode, the 
level detector receives a test signal instead of the 
input signal and detects the potential drop respon- 
sive to the test signal. 

50 23. The shifter of Claim 9, wherein the level detector 
resets output logic levels responsive to a reset sig- 
nal. 

24. The shifter of Claim 9 or 23, wherein the level de- 
55 tector sets the output logic levels responsive to a 

set signal. 

25. The shifter of Claim 9, wherein on receiving a con- 
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trol signal as well as the input signal, the outputs of 
the level detector are changeable among three lev- 
els. 
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FIG. 6 
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FIG. 10 
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FIG. 12 
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FIG. 21 
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